Glutaredoxin1 (Glrx1) is a small dithiol protein, which regulates the cellular redox state and redox-dependent signaling pathways via modulation of protein glutathionylation. IκB kinase (IKK), an essential enzyme for NF-κB activation, can be subjected to S-glutathionylation leading to alteration of its activity. However, the role of Glrx1 in cigarette smoke (CS)-induced lung inflammation and chromatin modifications are not known. We hypothesized that Glrx1 regulates the CS-induced lung inflammation and chromatin modifications via differential regulation of IKKs by S-glutathionylation in mouse lung. Glrx1 knock-out (KO) and wild-type (WT) mice were exposed to CS for 3 days and determined the role of Glrx1 in regulation of proinflammatory response in the lung. Neutrophils influx in bronchoalveolar lavage fluid and proinflammatory cytokines release in lung were increased in Glrx1 KO mice as compared to WT mice exposed to CS, which was associated with augmented nuclear translocation of RelA/p65 and its phospho-acetylation. Interestingly, phosphorylated and total levels of IKKα, but not total and phosphorylated IKKβ levels, were increased in lungs of Glrx1 KO mice as compared to WT mice exposed to CS. Ablation of Glrx1 leads to increased CS-induced IKKβ glutathionylation rendering it inactive, and IKKα activation which resulted in increased phospho-acetylation of histone H3 in mouse lung. Thus, targeted disruption of Glrx1 regulates the lung proinflammatory response via histone acetylation specifically by activation of IKKα in response to CS exposure. Overall, our study suggests that S-glutathionylation of IKKα plays an important role in histone acetylation on pro-inflammatory gene promoters and NF-κB-mediated abnormal and sustained lung inflammation in pathogenesis of chronic inflammatory lung diseases.
Introduction
Cigarette smoke (CS) contains numerous reactive oxygen species (~10 15 to 10 17 oxidants/free radicals per puff), reactive nitrogen species, reactive aldehydes, and quinones (8) , which are involved in pathogenesis of chronic lung inflammatory diseases. The airway system is susceptible to local redox imbalance due to direct exposure to exogenous inhaled oxidants, such as air pollutants, particulates, and CS (21) . We and others have shown that the GSH redox status is altered in lung of smokers and patients with COPD (27, 32) , and in lungs of mouse asthma model (42), as well as in airway epithelial cells in response to inflammatory stimuli (31, 50) . It is well known that CS exposure causes inflammation in the lung by activation of redox-sensitive nuclear factor (NF)-κB via phosphorylation/acetylation of its subunit, RelA/p65 (11, 39, 54) . IκB kinase (IKK), a heterotrimer including IKKα, IKKβ, and NEMO (also known as IKKγ), is involved in activation of NF-κB by degrading inhibitory molecule IκBα (5) . IKKβ is shown to phosphorylate N-terminal serines on IκBα whereas IKKα regulate non-canonical pathway of NF-κB in response to a variety of inflammatory stimuli (33, 43, 53) . We and others have shown that IKKα is an important regulator of histone modifications in addition to its role on NF-κB activation in response to a variety of stimuli including CS and oxidants (15, 30, 52, 54) . However, the mechanism underlying redox regulation of IKKs by CS is not well known.
S-glutathionylation, a process for protein-SSG formation, is a reversible redox-sensitive posttranslational modification that has been shown to regulate the function (activation or deactivation) of certain proteins, including NF-κB, interferon regulatory factor 3, and IKKβ (9, 36, 41, 45) . Glutaredoxins (Glrxs) have been identified as the repair enzymes to regulate the redox status via de-glutathionylation (17, 44) . Glrxs are small dithiol proteins with disulfide exchange reaction on oxidized protein thiols, which regulate redox-dependent signaling pathways (23, 48) . Glrxs act in defense against oxidative stress by catalyzing disulfide reduction, by glutathione (GSH)-dependent catalysis. There are two dithiol Glrxs in human, cytosolic Glrx1 and mitochondrial Glrx2 (23, 32) , which reduce S-glutathionylated proteins, restoring the protein cysteine (3) . For example, S-glutathionylation of IKKβ specifically inhibits NF-κB pathway in lung epithelial cells (40, 41) by losing the DNA binding activity via S-glutathionylation of NF-κB subunits (p50 and RelA/p65) (35, 46) . Thus, Glrx1 governs the redox post-translational modifications of NF-κB signaling pathway thereby regulating inflammation (37, (45) (46) (47) .
However, the role of Glrx1 in regulation of NF-κB signaling proteins and subsequently in regulation of chromatin modification involved in lung inflammation is not known.
The level of Glrx1 is decreased in alveolar macrophages and bronchial epithelium of lungs in patients with chronic obstructive pulmonary disease (COPD) and interstitial lung diseases (31, 32) . No studies on the role of Glrx1 in regulation of CS-induced lung inflammation and chromatin modifications (histone acetylation) are available. We therefore hypothesized that Glrx1 regulates CS-induced lung inflammation and histone acetylation via differential regulation of IKKs by S-glutathionylation in mouse lung. To test this hypothesis, we exposed Glrx1 knockout (KO) and wild-type (WT) mice to CS, and the lung inflammatory responses as well as posttranslational modifications of IKKs and histones were assessed in the lung.
Materials & Methods

Materials
Unless otherwise stated, all biochemical reagents used in this study were purchased from Sigma The smoke concentration was set at a value of ~300 mg/m 3 total particulate matter (TPM) (corresponding to human consumption of 1-1.5 packs per day) by adjusting the flow rate of the diluted medical air. Control mice were exposed to filtered air in an identical chamber according to the same protocol described for CS exposure. Carbon monoxide concentration in the chamber was 290-300 ppm. The dosimetry of carbon monoxide in CS was estimated by measuring blood carboxyhemoglobin levels. Mice tolerated CS without evidence of toxicity (carboxyhemoglobin levels ~17%, and no body weight loss) (57) .
Differential cell count in bronchoalveolar lavage (BAL) fluid
Mice were killed at 24 hr after the last exposure by an intraperitoneal injection of pentobarbital sodium (100 mg/kg; Abbott Laboratories, Abbott Park, IL) followed by exsanguination. The lungs were lavaged three times with 0.5 ml of saline via a cannula inserted into the trachea. The aliquots were combined, centrifuged and the BAL inflammatory cell pellet was resuspended in saline. The total cell number was determined by counting on a hemocytometer, and cytospin slides (Thermo Shandon, Pittsburgh, PA) were prepared using 50,000 cells per slide. Differential cell counts (~500 cells/slide) were performed on cytospin-prepared slides stained with Diff-Quik (Dade Behring, Newark, DE).
Protein extraction from lung tissue
One hundred milligram of lung tissue was mechanically homogenized in 0. 
Cytokine analysis
The levels of pro-inflammatory mediators, such as monocyte chemotactic protein (MCP)-1, 
Western blot analysis
Proteins from lung tissue homogenates, including cytoplasmic and nuclear fractions, and histone extracts were separated on a 6.5-14% SDS-polyacrylamide gel (PAGE). Separated proteins were electroblotted onto nitrocellulose membranes (Amersham, Arlington Heights, IL), and blocked for 1 hr at room temperature with 5% BSA. The membranes were then probed with a specific primary antibody (1:1,000 dilution in PBS containing 0.1% Tween 20) at 4°C for overnight.
After three washing steps (10 min each), the levels of protein were detected by probing with secondary anti-rabbit, anti-mouse, or anti-goat antibody (1:10,000 dilution in PBS containing 0.1% Tween 20) linked to horseradish peroxidase for 1 hr, and bound complexes were detected using the enhanced chemiluminescence method (Perkin Elmer, Waltham, MA). Equivalent loading of the gel was determined by quantitation of protein as well as by reprobing membranes for actin, lamin B, histone H3 or histone H4.
Immunohistochemical localization of Glrx1 and IKKα/β
The levels of Glrx1 were measured in the fixed lung sections (4 μm thick) by immunohistochemical staining using Glrx1 rabbit polyclonal antibody (1:100 dilution) with avidin-biotin-peroxidase complex (ABC) method followed by hematoxylin counterstaining.
Appearance of dark brown color represents the presence of Glrx1 in lung tissue. In brief, the formalin-fixed, paraffin-embedded lung sections were deparaffinized and rehydrated by passing The positive cells in lung sections were counted manually at ×100 magnification (18, 54, 57) .
Similarly, anti-IKKα and anti-IKKβ antibody at a titer of 1:100 was used for the staining of IKKα and IKKβ positive cells in mouse lung.
Immunoprecipitation
A total of 250 μg of proteins in mouse lung tissue homogenate were incubated with 2 μg of specific antibodies in RIPA buffer at 4°C for overnight. Then, 20 μl of protein A/G agarose beads (Santa Cruz Biotechnology) were added and incubated at 4º C on a rotating device for 2 hr.
After immunoprecipitation, the precipitates were washed at least three times with RIPA buffer with spinning at 1,500 g for 30 sec at 4°C. The precipitants were resuspended in 50 μl of
Laemmli sample buffer to a final concentration of 1× sample buffer, and heated at 95°C for 5 min. The collected supernatants (immunoprecipitants) were run on 6.5% SDS-PAGE.
Labeling of protein reactive thiols
Cysteine residues were labeled using the thiol-specific reagent EZ-link Maleimide-PEO 2 -Biotin (Thermo) as per the manufacturer's instructions. In brief, the immunoprecipitated proteins were incubated with 400 μM maleimide-PEO 2 -biotin for 2 hr in the dark at 4°C. Samples were then separated on SDS-PAGE gels, transferred onto nitrocellulose membrane, and probed with streptavidin-HRP (Invitrogen) with the enhanced chemiluminescence method (51).
In situ detection of S-glutathionylated proteins in lung tissue following Glrx1 catalyzed cysteine derivatization
In situ analysis of protein S-glutathionylation in lung tissue was determined as described previously (2) 
Reduced GSH assay
GSH level was measured with a colorimetric assay kit (MBL international, Woburn, MA)
according to the manufacturer's instructions (57) . The assay is based on the GSH recycling system by 5-5′'-dithio-bis(2-nitrobenzoic acid) (DTNB) and GSH reductase. The results were expressed in the samples as μg/mg protein.
Chromatin immunoprecipitation
ChIP was performed by using the EpiQuik Tissue Chromatin Immunoprecipitation Kit (Epigentek, Brooklyn, NY) (20) . Briefly, mouse lung tissue was formaldehyde fixed and in vivo cross-linked, followed by tissue disaggregation. The cells were lysed, and the nucleoprotein complexes were sonicated to reduce the sizes of DNA fragments to 1000 to 200 bp. Normal 
Results
Glrx1 level is decreased in mouse lung in response to CS exposure
Mammalian Glrx1 is known as a redox modulatory enzyme, which restores the protein cysteine to sulfhydryl group (13) . Glrx1 levels are decreased in lungs of COPD patients as compared with non-smokers (32) . Therefore, we hypothesized that the expression of Glrx1 is regulated by CS in mouse lungs. To test this hypothesis, the level of Glrx1 was measured using immunoblot and immunohistochemistry in lungs of mice exposed to CS. Total Glrx1 level was significantly decreased in CS-exposed mouse lung homogenates ( Figure 1A) , demonstrating that redox changes imposed by CS led to reduction of endogenous Glrx1. Immunostaining studies revealed that Glrx1 positive cells were decreased predominantly in the bronchial epithelium in lungs of mouse exposed to CS ( Figure 1B) . We then verified the levels of Glrx1 in mice disrupted for Glrx1 gene in lung homogenates and lung sections, Glrx1 protein level was completely abolished in Glrx1 -/-mice (Figure 1 ).
Genetic ablation of Glrx1 enhanced lung inflammatory cell influx and pro-inflammatory mediators release in response to CS exposure
To determine the role of Glrx1 on CS-induced lung inflammation, Glrx1 KO (Glrx1 Apart from the nuclear translocation, post-translational modifications of RelA/p65, such as sitespecific phosphorylation and acetylation, play an important role in CS-induced lung inflammation (6, 7, 29) . To further investigate the role of Glrx1 in NF-κB activation and posttranslational modifications of RelA/p65, we then determined the nuclear levels of phosphorylated (Ser276 and Ser536) and acetylated (Lys310) RelA/p65 in lungs of WT and
Glrx1
-/-mice exposed to CS. CS exposure increased the phosphorylation of nuclear RelA/p65 on Ser276 and Ser536 residues, and acetylation on Lys310 in lungs of WT mice, which were further increased in Glrx1 -/-mice ( Figure 3B ). In addition, basal levels of phosphorylation and acetylation of RelA/p65 were also increased in Glrx1 -/-mice compared to air-exposed WT mice.
These results suggested that augmented phosphorylation and acetylation of RelA/p65 are important contributing factors in CS-mediated NF-κB-dependent pro-inflammatory cytokines release in Glrx1 KO mouse lung. In contrast, there was no protection against CS-induced RelA/p65 nuclear translocation and its phosphorylation/acetylation in lung of Glrx1 overexpressing/transgenic mice (Chung et al, unpublished data). These data further substantiate that alveolar epithelial cells do not play a critical role in CS-induced Glrx1-mediated lung inflammation.
Deficiency of Glrx1 increased the protein-glutathionylation in mouse lungs
Significant increase in protein S-glutathionylation (PSSG) was reported in lungs of acute injury models using a method of Glrx1-catalyzed derivatization (2, 42). Increased PSSG level by oxidative stimuli is controlled by Glrx1-mediated deglutathionylation reaction (44) . To investigate whether Glrx1 regulates CS-induced increase of PSSG levels in mouse lung, we examined PSSG reactivity using the Glrx1 catalyzed cysteine derivatization method. Consistent with decreased level of Glrx1 in response to CS (Figure 1) , PSSG levels were increased in lung of WT mice ( Figure 4A ). Targeted disruption of Glrx1 further increased the level of PSSG in both bronchial and alveolar epithelium of mouse lung in response to CS exposure. Furthermore, lung of Glrx1 -/-mice showed increased basal level of PSSG as compared to corresponding WT mice. These data indicate that increased lung PSSG levels are associated with Glrx1 inactivation/deficiency in response to CS exposure.
It is possible that increased S-glutathionylation is associated with depletion of GSH in Glrx1
-/-mice as compared to WT mice. Our data showed that reduced GSH level in lung homogenates was decreased in air-exposed Glrx1 -/-mice as compared to air-exposed WT mice. Exposure to CS resulted in a significant decrease in reduced GSH level in lung of WT mice, which was further decreased in CS-exposed Glrx1 -/-mice ( Figure 4B) . These results suggested that CS-induced depletion of GSH is associated with increased S-glutathionylation and subsequently accumulation of more extensive specific S-glutathionylated protein in mouse lung.
Differential regulation of IKKα and IKKβ in lung of Glrx1 deficient mice in response to CS exposure
It is reported that NF-κB activation is regulated by IKK proteins, and IKKβ glutathionylation affects its own activity (inhibition of IKKβ activity) (34, 41) . Hence, we hypothesized that increased NF-κB activation is due to augmented activation of IKKs in Glrx1 -/-mice exposed to CS. We first investigated the levels of IKKα and IKKβ in mouse lung in response to CS exposure using immunoblot and immunohistochemistical analyses. We found that CS exposure increased the level of IKKα in both lung homogenates and lung sections of WT mice which was further increased in Glrx1 -/-mice ( Figure 5A and 5B). In contrast, Glrx1 -/-mice showed significant decrease in IKKβ protein expression as compared to WT mice exposed to CS ( Figure   5A and 5C). Consistent with this observation, immunostaining studies revealed that IKKβ positive cells were not increased in bronchial epithelium region of CS-exposed Glrx1 -/-mice as compared to WT ( Figure 5C ). In contrast, overexpression of Glrx1 in type II alveolar epithelial cells did not affect the increased lung IKKα level as compared to Glrx1 -/-mice which confirmed that type II cells were not responsible for Glrx1-mediated lung inflammatory response (Chung et al, unpublished data). These findings suggest that CS regulates differential activation of IKKs, and increased IKKα level is associated with augmented CS-induced lung inflammation in Glrx1 -/-mice.
Modifications of IKKα are target for CS-mediated lung inflammation in Glrx1 -/-mice
It has been shown that S-glutathionylation of cysteine residue of IKKβ by oxidants regulates NF-κB signaling pathway (41, 45). Glrx1 catalyzes disulfide reductions, which is known to control S-glutathionylation of target proteins (36, 56) . As a first step in clarifying the IKKs modification by CS, we investigated IKKs thiol reactivity using irreversible thiol-biotinylating agent, maleimide-PEO 2 -biotin. Modification of IKKα and IKKβ protein with maleimide-biotin occurred in air-exposed WT mice. These modifications were attenuated in lungs of CS-exposed WT mice that were further decreased in Glrx1 -/-mice, suggesting that reactive thiols of IKKs were regulated by Glrx1 in response to CS exposure ( Figure 6A) . Moreover, IKKα and IKKβ immunoprecipitations were carried out under nonreducing conditions of immunoblotting with anti-GSH antibody that detects S-glutathionylated protein thiols (51) . As expected, we found that
IKKβ was S-glutathionylated in its inactive form in CS-exposed WT mouse lung, which was consistent with previous studies showing that oxidants increase S-glutathionylation of IKKβ (41).
Knock-out of Glrx1 further increased S-glutathionylated IKKβ level in lungs of mouse exposed to CS (Figure 6B) . Similarly, increase in S-glutathionylated IKKα level was observed in Glrx1 -/-mice as compared to WT mice exposed to CS. These data suggest that CS-induced increase of Sglutathionylated IKKα and IKKβ is perhaps not independently and directly associated with NF-κB-mediated lung inflammation in Glrx1 -/-mice. Rather, some other modifications on IKKs would regulate the activation of NF-κB, and CS-mediated lung inflammation in Glrx1 -/-mice.
As mentioned above, glutathionylated IKKβ inactivates its own activity (41), however, it is not known whether IKKα activity is also altered upon S-glutathionylation. Therefore, we determined another key post-translational modification, i.e. phosphorylation of IKKα and IKKβ in lungs of WT and Glrx1 -/-mice in response to CS exposure since their phosphorylation pattern reflects active forms of IKKs. CS exposure increased the level of phosphorylated IKKα in lung of WT mice, which was further increased in Glrx1 -/-mice ( Figure 6C) . Interestingly, phosphorylation of IKKβ in lung was not altered in Glrx1 -/-mice (presumably due to the extensive glutathionylation of IKKβ) as compared to WT mice exposed to CS. These findings suggest that IKKα is activated by phosphorylation despite it is S-glutathionylated and contributed to increased IKK activity leading to NF-κB-mediated lung inflammation in Glrx1 -/-mice.
Targeted disruption of Glrx1 altered CS-mediated chromatin modification
IKKα is thought to regulate phospho-acetylation of histone H3 and acetylation of histone H4, thereby induces chromatin remodeling (30, 54). In the present study, we found that CS exposure also induced chromatin modifications including phospho-acetylation of histone H3 (Ser10/Lys9) and acetylation of histone H4 (Lys12) in lung of WT mice ( Figure 7A ). Targeted disruption of Glrx1 further increased the degree of histone modifications as compared to WT mice in response to CS exposure. However, the overexpression of Glrx1 in alveolar epithelial cells did not contribute in protection against CS-induced histone acetylation in mouse lung though there was a slight reduction in histone H4 acetylation but that was statistically insignificant between Glrx1 transgenic and WT mice exposed to CS (Chung et al, unpublished data). ChIP assay is the most powerful tool for identifying proteins associated with specific promoter regions. We examined the CS-induced acetylation of histone H3 and H4 on IL-6 promoter by the ChIP assay in mouse lung homogenates. We found that the levels of acetylated histones H3 and H4 on IL-6 promoter were increased in CS-exposed WT mice, which was further increased in Glrx1 -/-mice. These results suggest that the pro-inflammatory responses seen in lung of Glrx1 -/-mice are associated with increased histone modification/acetylation via increased phosphorylation of IKKα and increased NF-κB binding on promoters of various pro-inflammatory genes.
Discussion
Glrx1 is a GSH-dependent reductase which is involved in redox regulation of various signaling proteins by catalyzing reversible protein S-glutathionylation (4, 22, 26, 44) . It has been shown that Glrx1 is mainly localized in bronchial epithelium in mouse lung (2, 42) , and increased expression of Glrx1 was observed in alveolar macrophages in human (31) . Our data show decreased abundance of Glrx1 in bronchial epithelium in lungs of mouse exposed to CS suggesting that Glrx1 is indeed localized in bronchial epithelium and it is reduced in response to CS exposure in mouse lung.
We determined whether the loss of Glrx1 augments the CS-mediated lung inflammation via redox post-translational modifications of IKKα and IKKβ in mouse lung. Acute CS exposure resulted in increased lung inflammatory neutrophil influx and pro-inflammatory mediators release associated with reduced Glrx1 expression in WT mice, which was further enhanced in
Glrx1
-/-mice. Similarly, pro-inflammatory responses were also seen in Glrx1-deficient mice in response to oxidants in lens and heart (25, 26) . However, Glrx1 -/-mice were not susceptible to ischemia/reperfusion and hyperoxia (17) . Furthermore, Glrx1 deficiency led to attenuation of redox sensitive transcription factor NF-κB activation in lung epithelial cells in response to LPS challenge (41). The reason for these discrepancies compared to our findings is not known but it may be due to different stimuli used in different tissues.
In this study, the susceptibility of Glrx1 -/-mice to CS-mediated inflammation is confirmed by increased NF-κB nuclear translocation and post-translational modifications of NF-κB subunit, RelA/p65. Our data revealed that CS exposure induced the degradation of IκBα in WT which was augmented in lungs of Glrx1 -/-mice associated with RelA/p65 nuclear translocation.
Additionally, we observed that genetic deficiency of Glrx1 led to further increased phosphorylation of RelA/p65 on Ser276 and Ser536 in lung as compared to WT mice in response to CS. Recent evidences showed that phosphorylation of Ser276 is required for its association with CBP/p300 (60), whereas Ser536 is a prerequisite for acetylation of RelA/p65 on Lys310, which plays an important role in pro-inflammatory gene transcription (7, 55) . Consistent with these reports, CS exposure induced the acetylation of RelA/p65 on Lys310 in WT mice, which was augmented in Glrx1 -/-mice. Overall, the pro-inflammatory responses including cytokine release and NF-κB activation were enhanced in lung of Glrx1 KO mice compared to WT mice in response to CS. These findings indicate that Glrx1 regulates NF-κB activation possibly by reversible protein S-glutathionylation, however this control is lost in Glrx1 -/-mice leading to augmented activation of NF-κB-dependent lung inflammatory response. Interestingly, overexpression of Glrx1 in lung type II cells had no effect on CS-induced lung inflammation and NF-κB activation. This suggests that Glrx1 in bronchial epithelium, rather than alveolar epithelium, plays an important role in regulation of CS-induced lung inflammation.
Glrx1 functions as a redox switch by catalyzing reversible protein S-glutathionylation (24, 26) .
S-glutathionylation alters the function of many proteins, such as kinases and redox-sensitive transcription factors. Previous study has shown that Glrx1 deficiency led to reduced NF-κB activity in lung epithelial cells through S-glutathionylation of IKKβ in response to LPS (41).
Overexpression of Glrx1 led to increased NF-κB-mediated adhesion molecule expression in retinal cells (45) . Our study shows increased NF-κB activity in lungs of Glrx1 KO mice in response to CS. This suggests that LPS and CS may have differential effects in triggering NF- were measured by ELISA in lung homogenates of air-and CS-exposed WT and Glrx1 -/-mice.
Data are shown as mean ± SEM (n=3 to 5 per group). *P < 0.05, **P < 0.01, significant compared to respective air-exposed mice. # P < 0.05, ## P < 0.01, significant compared to CSexposed WT mice.
+ P < 0.05, significant compared to air-exposed WT mice. three separate experiments. *P < 0.05, **P < 0.01, significant compared to respective airexposed mice. ## P < 0.01, significant compared to CS-exposed WT mice. + P < 0.05, ++ P < 0.01, significant compared to air-exposed WT mice. (B) Level of reduced GSH was measured in lungs of air-and CS-exposed WT and Glrx1 -/-mice.
Data are shown as mean ± SEM (n=3 to 5 per group). *P < 0.05, **P < 0.01, significant compared to respective air-exposed mice. # P < 0.05, significant compared to CS-exposed WT mice. + P < 0.05, significant compared to air-exposed WT mice. Acetylated histone H3 on the IL-6 gene promoter in mouse lung was analyzed by ChIP assay.
Lung homogenates were immunoprecipitated with anti-acetylated histone H3 and H4 antibodies, and chromatin modification on the promoter region of pro-inflammatory cytokine was detected 35 by PCR using the primers for IL-6. Gel pictures shown are representative of at least three separate experiments.*P < 0.05, **P < 0.01, significant compared to respective air-exposed mice.
# P < 0.05, ## P < 0.01, significant compared to CS-exposed WT mice. + P < 0.05 significant compared to air-exposed WT mice. 
